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Abstract. High signal to noise ratio spectra have been obtain&&y words: stars: abundances — stars: individual: BD +362165

with the GECKO spectrograph at CFHT, at a spectral resoldstars: individual: BD +422667 — stars: individual: HD 84937

tion of 100 000, for three metal-poor stars in order to obtainstars: Population Il — cosmology: observations

more accurate abundances of the very fragile eleffieinEor

two newly observed stars, BD +42 2667 and BD +36 2165 it

appears that the first may have a detectable amoufiLipf

whereas nd'Li is found in the second one. The S/N ratio o

only a few hundreds obtained for these two faint stars preclufige SLi isotope is an element of considerable interest, but ex-

however a firm conclusion. For the third star, the well knowmiemely difficult to observe, as a weak component of a blend in-

object HD84937, a very high S/N of 650 per pixel (over 100¢olving the much stronger doublet &ifi, and with an isotopic

per resolved spectral element) was obtained, yielding greagbparation of only 0.14. So far, it has been unambiguously

improved accuracy over previous determinations. A value @étected in only two stars, HD 84937 (Smith efal. 1993, Hobbs

OLi / "Li = 0.052 + 0.019 (one sigma) is obtained. We alsag Thorburn [1994), and HD 338529 = BD +26 3578 (Smith

conclude that the nd'Li assumption is ruled out at the 95 pef{996; Smith et a_1998). It has been unsuccessfully searched in

cent level, even in the most permissive case, when a variatife other halo stars by Hobbs & Thorbufi (1997) and in 8 more

of all the other free parameters (wavelength zero-point, contisyy Smith et al.[(1998). We have decided to reobserve HD84937

uum location, macroturbulent broadening, abundancé&dfs  (for which the 1o error bar on the abundance is one-half of

allowed. the abundance found; the best case!) with a signal/noise higher
The possibility that théLi feature is an artifact due to athan obtained so far, and two other metal-poor stars in which

once suspected binarity of HD 84937 is discussed, with t& hoped to have a new detectiorftf.

conclusion that this assumption is ruled out by the extantdataon et us recall the double interest of obtaining evidence for

the radial velocity of the object. THi abundance is comparedSLi, in halo starsSLi is a rare and fragile isotope of spallative

with recent models of formation of the light elements Li, Berigin, as aréBe,'°B and'!B. Itis destroyed in stellar interiors

and B. This comparison shows tH4t is either undepleted, or at a temperature of aboux20° K, lower than the temperature

only moderately depleted in HD 84937, from its initial valuepf 2.5x 106 K at whichLi is also destroyed.

Under the assumption that the atmospheric depletihiatnd The first interest of findingLi in a halo star lying on the

"Liin stars is by slow mixing with hot layers (underneath théLi Spite plateau, is the strong presumption thatSlif has

convective zone), inwhich these elements can burn, we conclg@devived, it is unlikely that the less fragile eleméiti has

that the depletion ofLi by this mechanism in HD 84937 is lessbeen significantly depleted in the star. THe abundance on

than 0.1 dex. the Spite plateau can then be taken as representing the cosmo-
This new upper limit to the efficiency of the depletiodf  logical abundance ofLi, predicted by the standard Big Bang

by slow mixing burning, in a star located on the Spite plateagucleosynthesis (Schramm & Turner 1998).

leads to a more secure estimation of the primordial abundanceThe second interest is to compare thé abundance ob-

of "Li. However, the effect of temperature inhomogeneities &erved, with the predictions of recent theoretical models of spal-

the convective zone, on the derived abundance of lithium stidtion (Duncan et al. 1992, Vangioni-Flam et [al. 1994, 1996,

I1. Introduction

remains to be accurately determined. 1997). These models have been triggered by the discovery that
the other spallative nuclei Be and B have an abundance increas-
Send offprint requests 1. Spite ing linearly with metallicity in metal-poor stars (Boesgaard and

* Based on observations made at the Canada-France-Hawaii TKi#g[1993, Boesgaald 1996, Duncan et al. 1997, Molaro et al.
scope and at Observatoire de Haute Provence 1997). More specifically, Vangioni-Flam et al. (1997) have pre-
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dicted the production ratios @Li, “Li, Be, °B, ''B by low- Table 1.Log book of the observations
energy accelerated nuclei from SNe Il, impinging the over-

whelmingly dominant species in the early interstellar mattegdD/BD date exp. central estim.
H, and“*He. Recently Lemoine et al. (1997) have dicussed exag. ofobs. UT time wavele.  S/N
tensively the abundance found earlierfarin the light of these beg. mn A

recent predictions. Let us recall that the dominant processug 37 970420 6h10 120 6712 390
formation forSLi is the a + « reaction, now believed to occury=g 23 970420 8h20 90 6712 300
betweemn particles accelerated in SNe Il ejecta colliding with 970421 5h30 120 6162 380
« particles of the surrounding interstellar matter (ISM). This 970421 8h10 120 6712 350
’ . X P V=9.86 970421 10h50 250 6712 230
where we observe the remaining fraction. The inftldlcan be 970422 10h30 270 6711 280
inferred from the predictefiLi /Be ratio, and the observed Be
abundance (see also Molaro et’al. 1997). The depletidhiof *36 2165 970422 5ha5 240 6711 280
within the star, by théLi(p,3He)'He process, is obtained byV=2-78
comparing the observed abundancéldfin the star to the esti-

mated initial abundance. Models of lithium burning by miXing,,mia| fit, corrected for the actual number of freedom, is of the
of the convective zone with deeper layers allow to translate tBﬁjer of 0.003. It must be noted that, as it is well known (and
estimated Q¢pletion level 6L.i into some maximum depletion e.g. it is alluded to by Hobbs & Thorbufn 1997), the collima-
level for "Li in the same star (Cayrel et . 1999). . tion angle between the beam of the lamp and the stellar beam,
_ For this approach it is of course vital to be sure thiat ;e that there is a possible zero point shift between the wave
is present. It is why we have decided to observe HD 84984, scale of the stellar and lamp spectra, and this shift may
with a higher S/N ratio, and to observe two other halo starg,ange during the night. Moreover, as the exposure time for the
not yet analyzed fofLi, BD +422667 and BD +36 2165. AC- qriym lamp is about one hour, the calibration spectra were
tually BD +422667 was also analyzed in parallel by Smith g,5)ly taken at the beginning and at the end of the night. The
al. {1998), but we were not aware of the work at the time of ol rj;m spectra are quite usable for establishing a calibration
o_bservahons._The_observatlons and_ the method_ of data rEdét?r've, but their zero-point can be slightly shifted at the time
tion are described in Sect. 2. Sect. 3 is the analysis of the datginne stellar exposure. This is why we have determined the

71 and SLi i i
terms ofLi and °Li respective abundances. Sect. 4 is devoteg o nqint of the wavelength scale mostly from the position of

to the case of HD 84937. Sect. 5 gives the results for the W, caicium) = 6717 A line. taken in the same exposure as

other stars. Sec_t. 6 discusses thg significance of our results,mqithium feature. Although the calcium— 6162.172 A line
Sect. 7 summarizes our conclusions. (wavelength from Sugar & Corligs 1982) is better defined, it
was not used for wawelength zero-point determination, for the
reason explained above.

Flat-fielding has been done using a quartz lamp and a rapidly
Spectra of the three selected stars HD 84937, BD +42 266fating hot star. Due to small fringes produced by the CCD in
and BD +36 2165 were obtained with the spectrograph GECKRe spectral range of the lithium line, the hot star has been finally
at the 3.6m CFHT telescope in Hawaii (the log-book of thereferred for flat fielding.
observations is given in Table 1). The resolving power of the The stellar broadenings{(15A is clearly larger than the
spectrograph, measured on thorium lineszis- 100000. The  spectrograph resolution{0.07A), and thus the stellar profiles
spectrawere centered at 67Aahe region of the Li | resonance are dominated by intrinsic stellar broadening.
doublet. In order to check the width of the lines, a spectrum
of HD 84937 was also obtained in thoe region of the strong%,r, Analysis
well defined, calcium line ak = 6162 A. The detector was a
2048x2048 15m pixels CCD fabricated by Loral. The nominalThe models used in the analysis of the stars have been interpo-
gain of this CCD is 2.3 e ADU!, the read out noise 5.3 elated in the grid defined by Edvardsson etal. (1993) computed
pixel~!, totally negligible on our well exposed spectra. Theith an updated version of the MARCS code of Gustafsson et al.
pixel width wasl15 um, corresponding to 0.02698 (2975) with improved UV line blanketing (see also Edvardsson

All the spectra have been reduced with a semi-automagital[1994). The physical parameters of the models have been
code specially developed at Observatoire de Paris-Meudaken from the literature and are given in Table 2.

(Spite[1990). It performs the optimal extraction of the spectrum, The effective temperatures are all consistent with the Alonso
the flat fielding and the wavelength calibration from the compaet al. (1996) scale, based on the Infrared Flux Method (Black-
ison lamp spectrum. The wavelength calibration was performeell & Shallis[1977). The microturbulence has been set to
with a argon-thorium lamp. The laboratory wevelengths wefe5 km sec!, following Smith et al.[(1993). Th&Li /"Li ratio
taken in Palmer & Engelman_(1983) for thorium, and in Kauis not sensitive to the exact temperature adopted, only the abso-
mann & Edlen|(1974) for Argon. The rms of a third order polytute values are affected by the uncertainty on the zero point of

2. Observations and data reduction



R. Cayrel et al.’Li in HD 84937 925

Table 2. Main parameters of the adopted model atmospheres Because of its particular interest we discuss in the following
section, in more detail, the case of HD 84937.

star Teff logg [Fe/H] Ref

HD/BD K (CGS) dex 4. HD 84937

HD 84937 6300 40 -2.3 Nissenetal (1994) 4.1. Fitting the observations with a synthetic spectrum

+42 2667 6059 40 —1.7 Reboloetal. (1988)

+362165 6350 4.8 1.2 Axer et al. (1994) It is often considered (Smith et al.”1993) that there are chiefly

two methods for determining the isotopic rafibi / "Li. The
presence ofLi modifies the blend in (i) modifying the center of

the effective temperature scale. To estimate®ttié 7Li ratio, 9gravity in wavelength of the feature and (ii) modifying the line
we have proceeded very much as done in the seminal papepﬁy”e by increasing the opacity onthered Wlng Thefirstoneis
Smith et al. (1993). Having used the same atomic data for #@derred to as the “c.0.g” method, and the second as “line profile
lithium feature, we have considered as adjustable paramet@fg@lysis”. However both effects are combined in the spectrum
in the fitting of a synthetic spectrum to an observed spectrufynthesis approach. Smith et al. (1993) have pointed out that
the five parameters (|) p|acement of the continuum, (||) and (|ﬁb1€ “C.O.g." method is vulnerable to a possible differential con-
abundances of the two elemefits and 7|_i, (IV) macroscopic vective blue shift between the formation of the Li blend and the
broadening of the lines (encompassing instrumental profile, se@ly available other line in the spectral field, the Ca | 6717.687
rotation and macroscopic motions in the atmosphere of the dBierce and Breckinridde 1973).
ject), and (v) wavelength zero-point adjustment. The profile of Actually, the blue shifts of 30|af lines have a fairly large
the macroscopic broadening was assumed to be gaussianfange of values (from-0.7kms™! to zero, see Allende Prieto
is defined by its full width at half maximum FWHM. The per& GarciaLopez 1998). Kurucz (1995) has claimed thatthe effect
missible range of this last parameter was determined by leconvective temperature inhomogeneities could be consider-
observation of the two calcium lines at 6162 and 6&17 ably larger in metal-poor stars than in solar type stars. Boni-

Each time, the quality of the fit between 27 points of thi@cio & Molaro (1998) have given a strong counter-argument
synthetic versus observed data points was computed and shé@cerning the claim of a large effect on the abundance of Li,
graphically. The quality of the fit has been quantified by iteut the question of a wavelength shift remains. Furthermore,
X21 The parameters have been determined by the Max|mu§'fnlth etal. (1998) (thiS work came to our knowledge after we
Likelihood approach, i.e. by trying to minimize thé, in the Wrote the submitted version of this paper) cite an unpublished
permissible range of variation of the parameters. work by Rosberg and Johansson giviny ef 6717.677 for the

In order to compute thQ2, one must know the value of the"ne instead of 6717.687 we first used. They also mention that
observational standard error on each of the data point. WHE#e c.0.g method gives a slight shift in the right direction for
several spectra were available we have co-added them. Asl’\"@84937 it gives a blue shift, in contradiction with the result of
had a spectral resolution higher than needed to separate thetigline profile analysis, for the other star, BD +26 3578. Quan-
topic shift of 0. 16A between théfLi and "Li lines, we have fitatively speaking, the c.o0.g. method is clearly far mferlor to
also convolved the coadded spectra by a gaussian of FWHNHe line profile analysis, a differential blue shift of only O. 0b1
1.66 pixel~ 0.045A. Before this convolution the S/N on eacteorresponding to a relative change of 20 per cent it L' Li
data pomt was 650 for HD 84937 (est|mated in segments r@ﬁlo (Smlth etal. 1908) whereas such a shifthas noinfluence on
the continuum, and consistent with the expected photon noidé line profile analysis, as being negligible with respect to the
After convolution it raised to 1020 (noise filtering). This repreisotopic shift of 0.16. Martin Asplund (private communica-
sents a significantimprovementin S/N, without a damaging I0é@n) has investigated from hydrodynamical simulations of con-
of resolution. One must realize however, that the C|ass¢'8a| vection, the size of differential blue shifts between the lithium
test is not directly applicable to the filtered spectrum, becadéature and Ca I, 6162 and 6717. His preliminary results are
the filtering introduces a correlation between data point valuédat the Ca | lines are blue-shifted with respect to the lithium
So we have computed (see appendix) the applicable psgtiddeature in HD 84937, by 0.2 to 0.4kms. This is enough to

probability function for the quantityx 2: completely kill the c.o. g. method, the corresponding variation
in wavelength being 9 m, larger than the shift between 5 per
X2 _ z”:(OZ- — Cl-)2 cent ofSLi and noSLi at all. Therefore, the safest approach,
- o adopted here, is to consider that all relevant parameters are al-

= lowed to vary, including the zero-point of the wavelength scale,

where theD; have been smothed by the convolution performednd then comparing this least-square solution to the values of the
Following a widely used notation, th@; are the computed val- parameter which can be externally determined from other lines,
ues of the synthetic spectrum, amds the noise on thg; data butallowing for the error bars on these external determinations
point. As it will be explained in detail further, this approach hisis what Smith et al {1993) and Hobbs and Thorburn{11997)
permits a more powerful discrimination of the weak signal prdvave also done, concluding that the constraints orf tiéLi
duced by théLi feature, thanks to the improvement in the S/Matio was significantly relaxed by this approach, a price to pay
ratio. for not being dependent on assumptions on convective shifts, or
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Fig. 1. Observed and synthetic profiles of the blefid,”Li for
HD 84937. The synthetic profile has been computed using the stellar
parameters given in Table 2. Here the five parameters (abundances of
the two lithium isotopes, location of the continuum, zero-point adjust- |
ment of wavelength scale, FWHM of the convolution taking care of the 6Li/"Li ratio
broadening of the lines by macroscopic motions and instrumental res- : : g : . : é : é
olution), have been simulteanously least-square adjusted. The dots are

the observations. The thick line represents the best fit obtained[[iog(Fig. 2. Fine tuning for the determination of the macroscopic broaden-
IH)=2.212, logfLi /H)= 0.928, FWHM= 0.148, wavelength shift = ing of the lithium feature. A broadening of FWHM 0.15 gives the

10 mA, continuum redadjustment0.0006]. The thin line representssmallest residuals, and this fof ki / 7Li ratio of 5.2 per cent.

the (degraded) fit when tHi.i abundance is forced to zero, without
further readjustment of the zero-point of the wave-length scale, but all
the other parameters being readjustéd/H=0.0, log( Li/H) = 2.235, L X ]
FWHM= 0.163A]. B 8

HD 84937

ignoring that the macro-broadening of the lines cannot be fixgc'
exactly.
The situation is illustrated by the Figs. 1 to 4. First we con- [
sider as free parameters the position of the continuum, the abugri
dance of the two isotopes of lithium, the macroscopic broadent
ing (due to stellar rotation, macroscopic motions in the stellar}
atmosphere, and finite resolution of the spectrograph) and th
poorly determined zero-point of the wavelength scale. The bes
fit to the data point, allowing the 5 parameters to vary, is showny
by the full line of Fig. 1. This best fit is obtained for the fol- [
lowing values:°Li / "Li = 5.2%, log(Li/H)=2.088, FWHM=
0.148A, and an adjustment of the ordinate scale of 0.06 per cefnf HD 84937
and of the zero point in wavelength by 103mThe residuals | FWHM
of this fit are shown in Fig. 4. The rms of the fiton 27 points, 13 o014 o015 ois
with the unfiltered data is 0.00120. The expected value of the

\2 for 27 points and 5 adjusted parameters is 22 for a perfé:&’ 3. Interpolation, based on the results shown in Fig. 2, for finding

model and the value found for the fit is 16.4. With the f|Itere\c/§' © c;pstr?ﬁ:ﬁ:ﬁ;%fr;h;Iimgmn?]féhg in &ZcrOSCOp'C broadening. The
data the corresponding numbers are rms = 0.00073, 22 and f‘lo“

This means that the model represents the data without the need

of increasing the number of the parameters, and that the r&47 line, plus the unknown value of the differential blue-shift
ization of the noise corresponding to our observation is slighthetween the Li lines and the 6717 Ca | line. This is of the order
better than its mathematical expectation, but reasonably closeft6.6 km s, or 13 mA. The shift obtained for the Li | feature

it. Now we can compare the value of the zero-point wavelengttith the new value 6717.677 for the laboratory value of the Ca
shift and the value found for FWHM with the accuracy of ourline is —10 mA. This is within the uncertainties, although not
wavelength scale and the value of FWHM determined from tiethe direction predicted by Asplund. However, the Ca | line
Ca | lines. The expected accuracy of our wavelength scalddsstrongly blended in the Sun, and very weak in HD 84937,
dominated by the uncertainty on the exact wawelength of the any conclusion based on such a small shift would be a clear
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Fig. 4. Residuals (O-C) of the best fit obtained with 5.2 per cefit.af
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Fig. 6. Residual of the synthetic spectrum corresponding to the best

The rms of the fit between the synthetic spectrum and the filtered dib-with no °Li, and a wavelength offset of 0.08% relative to the
served spectrum is 0.73E-03. The expected rms for a perfect synthsyiathetic spectrum corresponding to the best fit with 5.29d oaind

model and the noise level computed from photon noise is 0.98E-@®, wavelength shift. These residuals are not produced by noise, but

so the fit is slightly below the expectation value, for a perfect modddy the intrinsic difference between the two spectra. The necessity of

quite possible for a particular realization of a random noise. working at a very high S/N ratio is demonstrated by this comparison,
the amplitude of this differential signal being of the order of a couple

o [ ' ' ' ' ' f of thousandths onl\Notethe striking similarity with Fig. 5, giving the
St AF HD 84937 no °Li feeling that the shape of the residuals of the fit witf"hoshows the
< F -] signature of a wrong choice of the parameters.
LO L]
o LY . — hd L[] e v
'? ®e0 e®0go00° :
2 ? 1 :
St L %L 8L 1 leading to an exclusion of the zefti hyphothesis at the 99.5
! ) | ) . M,A) 1 per centlevel. We do not support these numbers, too optimistic,
6707.5 6708 and we suggest instead to bring, now more attention to the run

Fig. 5. This figure show the residuals of the best fit, when the abundancf:fetr_}_(f1 resrllduals ¥vt|rt1h Wavglenlgth..th | thi
of SLi is forced to zero, all the four other parameters being allowed to e s, ape of tne residuals wi yvave engtn is very su.gge.s-
vary. This best fit for néLi has now a rms of 1.19E-03, significantlyt've of being not due to a random noise. In order to check if this

larger than the rms of the best fit with 5.296%i (0.73E-03). Thex> IS the case we have compared two synthetic speotranfise
of this fit is 39.8, excluding the model at a level of confidence of 95/%r6), one corresponding to the absolute best fit, the other one
per cent. corresponding to the best fit, with i, involving a 0.005A
shift in wavelength. The residuals of the second versus the first
one are shown in Fig. 6. The similarity between Figs.5 and 6
overinterpretation of the data. The external values of FWHM aisestriking. Fig. 6 also shows how important it is to reach a S/N
respectively 0.158.+0.01 (6717 line) and 0.153-0.08 (6162 of 1000, to discriminate between these two cases. We consider
line, slightly saturated). The best fit (0.12\&3 totally compat- that the rejection of a zero-abundancébi at the 95 per cent
ible with the external values, which, unfortunately, do not allovevel, in the most permissive cgsepresents a serious advance
to restrict efficiently the internal uncertainties. with respect to former works, done with a lesser S/N ratio.

Now we retry the fit, forcing the abundancéafto zero, but A Bayesian approach of the problem, that we have not at-
keeping the 4 other parameters free. We get a different solutitempted, is likely to increase our value %fi, because of the
with log("Li/H) = 2.233, FWHM= 0.158, a differential redshifta priori positive physical nature of the abundancé’bii For
with Ca | 6717.677 of 0.008 and a negligible change in theshifts larger than 0.004 the solution would nee6lLi in emis-
continuum position. The residuals of this new fit are shown &ion, not acceptable. The 68 per cent probability around the
Fig.5. The rms of the fit is 0.00119 (with the continuum atptimal fit ¢Li/"Li = 0.052) can be computed when the contin-
1.0), corresponding to a value &F? of 39.8, rejecting this no- uum level, and the two abundances are free parameters, because
5Li model with a confidence level of 95.3 per cent. Would wehey occur linearly. We find that this amounts#00.012. An
have used the unfiltered spectrum, the rms of the fit would hamera-allowance must be made for the impact of the uncertainties
been 0.00155, corresponding tq&aof 27.3 for an expectation on the other two parameters. For the FWHM of the broadening,
value of 27-4=23, which is excluded only at the 76 per ceiftwe accept the full range of Fig. 2, with equal probability of
level. However, many authors use a reduced relati/e, not the FWHM in the range, we obtain an extra contributiontof
bothering for estimating the noise independently. In that ca@®07. The contribution of a zero-point shift in wavelength is
the unfilteredy? being 16.4 for the best fit with 5.2 per cenimore difficult to estimate. A shift as large as the one needed
of 6Li, one can claim that the? has been degraded in thefor the noSLi hyphothesis is largely rejected. We consider that
ratio 27.3/16.4 when the expected degradation is 24/23. Taehift of + 0.002 is allowed. This adds an extra-excursion of
probability of such a difference is only about 3 per cent. @Mms 0.013. The combined effect is 0.019, adding quadratically.
course the same approach can be also applied to the filtered datislonte Carlo simulation would be more correct to evaluate
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Table 3. Radial velocities of HD 84937 from 1923 ‘ ‘ ‘ ‘ ‘
RV weight  epoch reference T T
—22.6 3 1923 ApJ 57, 149
—-15.3 undef 1940 PASP 52, 401
—-12.9 2 1965 MNRAS 129, 63 St .
-16.4 9 1969 AJ 74,908
—-13.1 8 1972 AJ 77,590
—16.7 8 1979 IAUS 30, 57
—14.8 10 198894 AJ 107, 2240 oF .
—-14.95 20 19940305 Mayor, unpubl.
—-15.17 20 19960415 A&A 338, 151
—14.8 15 this paper  from Ca | 6162
611.8 ‘ 612 ‘ G£.2 ‘ 62.4 ‘ 62.6
this uncertainty, but what is more important is to have excludeg. 7. Comparison between the observed profile of the Ca | line at
a zero abundance 6Li at the 95 per cent level. 6162A in HD 84937 and the computed profile if tAki feature would

be due to dLi line of a companion star. The two profiles are clearly

4.2. Could HD 84937 be a binary star? not compatible

In one of their papers on proper motion stars (paper XIl), Carney

et al. [1994) consider HD 84937 as a suspected spectrosc@si¢ather unlikely the assumption that we see a setiiridend

binary. We have two recent measurements of this star with theétead of #Li component. A second implication of the same

OHP instrument ELODIE. We compare in Table 3 these meassumption would be that not only the lithium blend would be

surements with those of Carney and earlier. affected, but also all other absorption lines. We have computed
A rather arbitrary weight (20) has been attributed to the twibe effect on the line Ca | 6162, observed in the same run. The

values obtained with ELODIE which have a standard error 6@mputed and observed profiles are strongly discrepant (see

0.25km sec?. There is no indication of a systematic variatiofrig. 7).

over 30 years. Moreover, Mayor (private communication 1998) Again, the binarity explanation of a fake.i is discarded.

indicates that the star, observed repeatedly with CORAVEL diMevertheless we have asked to two groups to observe HD 84937

ing more than six thousand days, has no variation of radial va-speckle interferometry for checking for a possible companion.

locity at the level of 1 sigma = 1.19 km sek If we imagine

that_theGLi component s actually théL_i componentofacom- 4 3 \why iLi found, among very metal-poor stars,

panion, the radial velocity dlffer.ence is 7 km sécln order to only in HD 849377

produce the 5 per cent strength in the blend, the companion must

be a dwarf of absolute magnitude about 6.8 having an effectiés very embarassing to have a single case of undisputable de-

temperature of 5400 K and a mass of 0.6,Mvhereas the pri- tection ofSLi out of several very metal-poor stars investigated

mary has a mass of about 08@\/] Because K, and K, are for the presence ofLi. What makes HD 84937 so special?

the amplitudes of the radial velocity variation of the two com/e present in Fig. 8, the HR diagram of metal poor stars with

ponents, we have the two constrainks; + K> > 7kmsec! distances reliably established by Hipparcos. Clearly, from Hip-

and: parcos parallaxes, HD 84937 is among the stars deficient by
s more than a factor of 100 in metals, also among the evolved
sin”s < 1 subgiants, with BD +26 3578, and HD 140283. It means that it

is also one of higher mass, less pronéltidourning. HD 140283

is in principle even more favourable from this point of view, but

(M + My)sin®i = 1.035.1077(1 — %)%/ ?(K, + K,)*P its extremely low metallicity makes it less good for having in-

herited enoughlLi by spallation, and also the star is possibly

evolved enough to have diluted if&i in a thick convective

P < 0.966.107 (M 4+ Ms)/(343(1 — €2)?/?) zone (Chaboyer 1994). Actually the case the more similar to
HD84937 is BD +26 3578, for whichLi detection has been

Replacing M, + M>) by its value and taking a typical valuecjaimed by Smith[(1996) and Smith et &l (1998).

of 0.3 fore, we get We have theoretically investigatéHi destruction along the

P < 45000 days ZAMS in metal-poor stars. The de_tail_s are desgribgq in anoth.er
paper (Cayrel et al. 1999). The principle on which it is based is

or 124 years. This condition is barely acceptable if there is tiwat the burning rate has such a fast variation with temperature

sign of variation of the radial velocity in 30 years, which reprahatLi, as well as’Li, at a given depth below the convective

sents one fourth of the maximum period. We therefore consideme, either do not burn in 15 Gyr, or burn so fast that they are

and using the well known relation Allen (1985):

the following condition is obtained:



R. Cayrel et al.’Li in HD 84937 929

L BD 42 2667

0.95

8Li/7Li = 5%

Mbol

0.9

MA)
q n 1 n 1 n 1 n 1 n n
- 6707.4 6707.6 6707.8 6708 6708.2

Fig. 9. Best fit of the lithium blend for BD +42 2667. The logarithmic
| abundances are respectively 2.088 and 0.87 lfband °Li. A read-

- justment in wavelength of 5 Avwas obtained. The FWHM is 0.125
] and the rms of the fit 1.59E-03.

T B
5.85 3.8 35.75

3.7 5.65 5.6 5.55

LogTeff

Fig. 8. HR diagram of stars searched foki. The symbols are: a  [Flux
filled star for an unambiguous measurement (only cases HD 8493+~~~
and BD +26 3578); an open star for a less solid claimed detection of
only an upper limit folLi, at a level of 10 to 13 per cent 6Li. The
squares are stars for whi€hi is undetectable, i.e. below 2 per cent [
of 5Li. The curve is a 14 Gyr VandenBerg isochrone for [Fe/H}2, , [
shifted by 0.01 in log(Teff), as needed to fit the high parallax subdwa#s
(Cayrel et al_1997). It is interesting to note that the stars with detected,
or possible®Li are fairly concentrated near the turnoff, suggesting that|

BD 42 2667

5
5Liis burned below, and diluted above. All stars have metallicities be-| et
low [Fe/H] = —1.5, except BD +36 2165 and HD 201891 which arg, | ]
near [Fe/H]=—1. In the name of the stars ‘HD’ and ‘BD’ have beerf | R
omitted. | 7,
1 n 1 n 1 n 1 n A‘(R)
6707.4 6707.8 6707.8 6708 6708.2

destroyed in less than 1 Gyr, or so. The rate of decline of thig- 10. Fit of the lithium blend for BD +422667 with nbLi. A
abundance of the element in the convective zone is then c¥fivelength shift of 0.008 is needed. The logaritmic abundance of
trolled by exchange of matter between the convective zone ahiiiS 2-12- The FWHM is 0.141 and the rms of the fit 1.75E-03.

the deeper zone deprived very soon of the element. This rate is

a purely hydrodynamical quantity. So if for example, we finthe theoretical expectation. These considerations make under-
thatLi is strongly depleted in the convective zone when thetandable thatLi can be found only in a very limited portion
burning layer is separated from the convective zone by a lay#ithe HR diagram.

having a thickness in mass equal to half of the mass of the con-

vective zone, we shall assume that this will hold %or also,

taking of course into account the fact that the location of tr?é The two other stars

fast burning zone is moved upwards fari. This allows us to Two other stars, BD +42 2667 and BD +36 2165 have been ob-
transform the’Li depletion curve into &Li depletion curve. served. The profile of the lithium line of the first star is best
Clearly, at metallicity [Fe/H] =—1.5, only the most massiveexplained by &Li/ “Li ratio of 10%. And the hypothesis of no
stars (/ > 0.8M,)) can save theifLi. At [Fe/H]c = —1.,°Li  °Li provides a considerably worse fit. If again a shift in wave-
even burngnsidethe convective zone, so there is no hope to firldngth is allowed, the profile may be explained b§la/ 7Li
anySLi. We have not yet investigated the dilution effect, abowveatio of only 5% (Fig. 9), so that the value of the abundance of
the turn off, but Chaboyer{1994) finds that this process beconiés may seem rather uncertain. Assuming the hypothesis of no
effective at the position of HD 140283. Fig. 8 shows the positiditi, a not too bad fit may be found (Fig. 10),

of the stars in whiclLi has been found or is possibly present These observations point towards a detectiofiLofn this

with an abundance less than 10 per cent of the abundancetaf, but the modest S/N ratio reached in the observation of
"Li. They clearly cluster along the turn off, in agreement witthis star precludes a conclusion at a very high confidence level.
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Smith et al.[(1998) have also studied BD +42 2667 and concludhium is shown for LEC and GRC. This last component is
that it has probably néLi. We do not fight this conclusion, the weaker than the first. Associated to the calculdied/ "Li
residuals being insufficiently apart in the two cases. (their Table 1) the LEC curve allows to predict the evolution
The other observed star, BD +36 2165, does not provide asfy’Li/H; at [Fe/H] = —2.3 corresponding to the metallicity of
definite detection ofLi. The S/N ratio reached is even lowerHD 84937, the theoretic4Li/H is slightly below the observa-
and does not enable any firm constraint. tion. This characterizes only a specific model. It is possible to
find other scenarios able to reproduce all the LiBeB observa-
. . tional constraints, using metal-poor SN Il compositions, well
6. Discussion suited to the early Galaxy (Woosley & Weaizer 1995). This kind

The observation of HD 84937 has essential consequences, fif§todels meets the requirement of a high He/O source ratio, as
on the depletion ofLi (and indirectly that of’Li) in Pop Il pointed out by Smith et al. (1998), to explain the high/*Be
stars, and on the cosmological status of Li/H observed in difio. This indicates that fiLi is destroyed and/or diluted, it is
metal-poor stars, and also 6hi (and Be and B) production. only slightly. This is a challenge for the stellar evolution theory.
TheSLi isotope is a pure spallation product (see Reéves 1944 satisfying to see that in this case, the theoretical description
for a review). This fragile nucleus is burnt at low temperatui@ the °Li evolution in the early Galaxy is globally consistent
(about2.106 K) and cannot be synthesized inside stars. Spalith our observations. The occurrence of LEC is strenghthened
lation agents are (i) galactic cosmic rays (GCR), specificalfy this observation. This theoretical model has some latitude de-
acting in the galactic disk through p,+ He,CNO— 6Li,”Li pending on the composition and energy spectrum of the beam
and (ii) in the halo phase ([Fe/H] —1), low energye,C and O adopted, as said above. It is possible to find some other source
nuclei ejected and accelerated by supernovae, interacting v@@mposition able to reproduce the LiBeB observational con-
H and He in the ISM (Casset al[ 1995, Ramaty et al. 1996)straints, including the uncomfortably highi / Be ratio found
This low energy component (LEC) is likely to be responsibleere in HD 84937 by us, and other authors. A further discus-
for the linear relationship between Be, B and [Fe/H] discoion is postponed to a forthcoming paper (Vangioni-Flam et al.
ered recently (Duncan et al. 1997, Molaro etal. 1997, Thok998).
burn & Hobbg 1996, Primds 1996, Gat.opez et al.1998) as A word of caution, however. Our analysis is based on the
shown by Vangioni-Flam et al.{1994). This linear relationshigbundance ofLi in one star, or two when the ratfi.i / "Li of
specifically in the early Galaxy, is due to the fact that freshfypercentin BD +26 3578 (Smith etial. 1998) will be confirmed.
synthesizedy, C and O from SNe are accelerated at moderadiore precise Be abundances in the two stars would be useful,
energy and fragment on the H, He nuclei in the ISM. Thus, tf@ Well as a richer sample of stars with meastitéd
production rate is independent of the ISM metallicity (which Even assuming that the estimation of the inifil abun-
means that Be and B are “ primary”). TAki isotope itself is dance is in error by a factor of 3, our observation showsthiat
also produced by primary processes, through the two spallati@s been depleted by a factor of 3, at the most. The rafibiof
processes GCR and LEC. Consequently, its slope indg€(i  depletion to°Li depletion is model dependent. The burning of
/H), [Fe/H]) plane is unity. "Li in the region depletin§Li by a factor of possibly 3 is close

TheSLi abundance observed in the atmosphere of HD 8498¥negligible. If7Li is depleted, it is in deeper layers, where we
is a lower limit to that of the interstellar medium out of whictare sure thatthe mixing is slower, but by anamountwhichis very
this star has formed since this isotope can be depleted in stépdel dependent. Under the simple model we have considered
lar atmosphere due to proton capture and dilution with Li fré@ Sect. 4.3 the depletion 8Li cannot be more than 0.1 dex if
material coming from the interior. The depletion factor is stifhe depletion ofLi is below 0.5 dex.
uncertain in spite of many efforts to evaluate it (Lemoine et al. Regarding the cosmological consequences of this Li abun-
1997, Chaboyér 1994, Vauclair & Charborinel 1995, Deliyanrfi@nce determination and analysis, it is interesting to note that
& Malaney[1995). the"Li abundancéLi/H = 1.6 10710 in HD 84937:

If 5Li is detected in the atmosphere of a Pop. Il star, like
HD 84937, one can infer reasonably that théabundance is (i) is for a star which belongs to the Spite plateau and
essentially unaffected, sinéei is destroyed at a higher stellar(ii) is likely to represent the primordial value, once corrected
temperature thafLi, and in this case the Li/H ratio is close to  for the small amount ofLi produced with thé’Li by the

the primordial one. LEC process, sincéLi has not been affected by thermonu-
In this context, it is important to analyZdi data versus clear destructions (our above discussion). By comparing
"Li and to follow the early rise of théLi/H ratio due to the this Li/H value with the outcome of standard BBN calcu-
a, C, O + H,He processes described above, as a function of lations (Sarkar 1997, Schramm & Turfer 1998) this would
[Fe/H] (evolutionary curve), since this theoreti€ai/H value lead ton;g ~ 2.0 to 3.5, (o2, ~ 0.02 to 0.035 forH =

represents at any time (metallicity) the initial abundance in the 60kms*.Mpc1), Y, ~ 0.237 to 0.245, yH ~ 104
forming stars. SincéLi can only be depleted in stars, the ob-  to 5x1075. This range on [YH is compatible with both
served points are located on this curve (no depletion) or below. the high and low values of D/H measured in cosmological
Previous calculations (Vangioni-Flam et al. 1997) give the Li/lH clouds on the line of sight of quasars (Burles & Tytler 1998,
versus [Fe/H] evolution (see their Fig. 1) where the spallative Webb et al. 1997).
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MoreSLi, “Li observations in the atmospheres of old metairable Al. Probability function ofX 2 for 23 degrees of freedom ex-
poor stars could strengthen both the argument of occurrenceedtation value: 23, variance = 78.2. The second column gives
the LEC process in the early history of the Galaxy, and the usetigg probability to be in the bin ending at the entry. The third column
"Li as a cosmological test, since the determination of the Spiggimulated values) are for the entry value.
plateau seems to reflect the true Big Bang value.

X? prob. cumul. X2  prob. cumul

7. Conclusions 1.0 0. 0. 26.0 0.0383 0.6818
2.0 0.0000 0.0000 27.0 .0355 0.7172

The main result of this paper is an analysis, with improvesly  0.0000 00000 28.0 0.0326 0.7498
accuracy, of the star HD 84937, leading to a new measuremgot  0.0001 0.0001 29.0 0.0296 0.7794
of of 5Liin HD 84937. With a S/N of about 650 per pixel,(102(66.0  0.0004 0.0005 30.0 0.0268 0.8062
on the filtered spectrum) instead of 400 (Smith ef’al. 19980  0.0011 0.0016 31.0 0.0242 0.8304
and 350 (Hobbs & Thorbuin 1994) reached previously, a nq0  0.0028 0.0044 32.0 0.0216 0.8521
abundance dfLi is now more convincingly ruled out. 8.0  0.0052 0.0096 33.0 0.0190 08711
The abundance found féLi (5.2 per cent of the abundanced0  0.0088 00184 340 00171 0.8881
of 7Li) turns out to be close the expected value of the initi 0 00133 00318 350 0.0150 0.9032

SLiin HD 84937, using the evolutionary models developed by, | 8'8223 8-8?22 gg-g 8-81?2 g.g;gi
Vangioni-Flam et al..(1997). : . . . ) )

. . ) 13.0 0.0298 0.1042 38.0 0.0100 0.9381
The process of formation of the LiBeB elements justquoted 9 90351 01392 39.0 0.0088 0.9470

above is now shown to be consistent also®lar provided that 150 0.0401 0.1793 400 0.0076 0.9546
the o + o process is the dominant source®f in the early 16.0 0.0436 02230 410 0.0065 0.9611
Galaxy. 17.0 0.0462 0.2692 42.0 0.0057 0.9668

The nearly equality between the predictedinftlafHvalue 18.0 0.0482 0.3174 43.0 0.0049 0.9717
and the observed value in HD 84937 shows tHdtcannot 19.0 0.0496 0.3669 44.0 0.0043 0.9760
have been strongly depleted in this sfdri, more robust, is 20.0 0.0494 0.4164 45.0 0.0036 0.9796
necessarily still less depleted, and its abundance can therfb@ 00492 0.4656 46.0 00031 0.9827

: : : sl a2 -0 0.0478  0.5134 47.0 0.0027 0.9855
taken as representative of the cosmological primordial |Ith|ut§13'0 00455 05589 480 00022 09876
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i=i1 g
can be readily computed,(andis are respectively the first and
Appendix the last pixel of the lithium feature), assuming that theare

affected by a gaussian noise equal to the noise on each pixel

The convolution of the spectra by a narrow gaussian profile ¢f|ye of the spectrum before convolution (1/650 in fraction of
standard deviatioh/v/2 pixel, bringing an unsignificant degra-the continuum level). It is a well known result (linear combina-
dationin spectral resolution, butincreasing the signal/noise rajg of gaussian variables) that the mathematical expectance of

by 57 per cent, makes the classigaltest inapplicable, becausex 2 js reduced with respect to the mathematical expectance of
the noise on consecutive pixels becomes correlated. In ordef{g truey? in the ratio:

properly discuss theD — C') residuals, it is necessary to derive

the expected mean value of the sum of th@ — C);/0;)?, and 2 )

its expected variance, in our specific case, where the indeper= > wi = 0.4048
dent random variables are the noise on each data ffdre k=-2

convolution. The convolved signal; is expressed by a linearp;g gives the value of’
form of the unconvolved signa); (i is the running number of

the pixel along the Li feature): o' =+/r =0.6360
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The computation of the complete distribution has been p&ustafsson B., Bell R.A., Eriksson K., NordluAd 1975, A&A 42,
formed by running 1 000 000 realizations, and binning the re- 407
sulting values ofX 2. The results are given in Table A1l for 23Hobbs L.M., Thorburn J.A., 1994, ApJ 428, L25
degrees of freedom. This computation shows that the variaft@bs L.M., Thorburn J.A., 1997, ApJ 491, 772
is 3.4 times the mathematical expectation, instead of two fof@ufmann V., Edlen B., 1974, J.Phys.Chem.Ref.Data 3, 825
true x? law. So, part of the gain in noise reduction is lost i urucz R.L., 1995, ApJ 452, 102

a shallower distribution, but the gain is anyhow substantial, Ia%msoéze M., Schramm D.N., Truran J.W., Copi C.J., 1997, ApJ 478,

already shown, in Sect. 4.1, where the tyfovere used COMpet- ;16 b Bonifacio P., Castelli F., Pasquini L., 1997, A&A 319, 593

itively. Several simulations, done on test cases, have confirm@gsen p.E.. Gustafsson B., Edvardsson B., Gilmore G., 1994, A&A

the effectiveness of noise filtering, with the use of a modified 2g5 440

x? distribution. Palmer B.A., Engelman R., 1983, Atlas of the Thorium spectrum. Los
Alamos National Laboratory Rep. LA-9615

Pierce A.K., Breckinridge J.B., 1973, Kitt Peak National Observatory,

References Contr. No. 559
Allen C.W., 1985, Astrophysical Quantities. Third ed., Athlone PresBrimas F., 1996, PASP 108, 724

London, p. 230 Ramaty R., Kozlovsky B., Lingenfelter R.E., 1996, ApJ 456, 525
Allende Prieto C. A., Gafia-Lopez R.J., 1998, A&AS 129,41 Rebolo R., Molaro P., Beckman J.E., 1988, A&A 192, 192
Alonso A., Arribas S., Maihez-Roger C., 1996 A&AS 117, 227 Reeves H., 1994, Rev. of Mod. Phy. Vol. 66, No 1, p. 193
Axer M., Fuhrmann K., Gehren T., 1994, A&A 291, 895 Sarkar S., 1997, Rep. Prog. Phys. 59, 1493
Boesgaard A.M., King J., 1993, AJ 106, 2309 Schramm D.N., Turner M.S., 1998, Rev.Mod.Phys. 70, 303

Boesgaard A.M., 1996, In: Morrison H., Sarajedini A. (eds.) Formatidamith V.V., Lambert D.L., Nissen P.E., 1993, ApJ 408, 262 (SLN)
of the Galactic Halo...Inside and Out. ASP Conference series Nghith V.V. 1996, In: Barbuy B., Maciel W., Grégo-Hetem J. (eds.)

92, p. 337 Stellar abundances. Proc. Workshopd S2aulo, IAGUSP, Sa
Bonifacio P., Molaro P., 1998, ApJ 500, L 175 Paulo, p. 13
Blackwell D.E., Shallis M.J., 1977, MNRAS 180, 177 Smith V.V., Lambert D.L., Nissen P.E., 1998, ApJ 506, 405
Burles S., Tytler D., 1998, ApJ 507, 732 Spite M., 1990, In: Baade D., Grgsbol P.J. (eds.) 2nd ESO/ST-ECF Data
Carney B.W., Latham D.W., Laird J.B., Aguilar L.A., 1994, AJ 107, Analysis workshop. ESO Conference and Workshop Proceedings
2240 No 34, p. 125

Casé M., Lehoucq R., Vangioni-Flam E., 1995, Nat 373, 318 Sugar J., Corliss C. 1982, J. Phys.Chem.Research 14, Suppl. no. 2, 51
Cayrel R., Lebreton Y., Perrin M.-N., Turon C., 1997, ESA SympoFhorburn J.A., Hobbs L.M. 1996, AJ 111, 2106

sium Hipparcos-Venice 97’ 13-16 May, Venice, ltaly, ESA SP-40¥angioni-Flam E., Lehoucq R., Casbl., 1994, In: Crane Ph. (ed.) Pro-

p. 219 ceedings of ESO-EIPC Workshop, The light element abundances.
Cayrel R., Lebreton Y., Morel P., 1999, In: Spite M., Crifo F. (eds.) Springer, p. 389

Galaxy evolution: connecting the distant Universe with the locdangioni-Flam E., CagsM., Olive K., Fields B.D., 1996, ApJ 468,

fossil record. Les rencontres de I'Observatoire de Paris, Kluwer, 199

Dordrecht, in press Vangioni-Flam E., CagsM., Ramaty R., 1997, In: Proceedings of
Chaboyer B., 1994, ApJ 432, L47 the 2nd INTEGRAL Workshop, The Transparent Universe. Saint
Deliyannis C.P., Malaney R.A., 1995, ApJ 453, 810 Malo, France, ESA, p. 123
Duncan D.K., Lambert D.L., Lemke M., 1992, ApJ 401, 584 Vangioni-Flam E., CagsM., Cayrel R., etal., 1998, astro-ph 9811327,
Duncan D., Primas F., Rebull L.M., et al., 1997, ApJ 488, 338 to be published in New Astronomy

Edvardsson B., Andersen J., Gustafsson B., etal., 1993, A&A 275, 1dauclair S., Charbonnel C., 1995, A&A 295, 715

Edvardsson B., Gustafsson B., Johansson S.G., et al., 1994, A&A 29&bb J.K., Carswell R.F, Lanzetta K.M,, etal., 1997, Nat 388, 250
176 Woosley S.E., Weaver T.A., 1995, ApJS 101, 181

Garda Lopez, et al., 1998, ApJ 500, 241



	Introduction
	Observations and data reduction
	Analysis
	HD 84937
	Fitting the observations with a synthetic spectrum
	Could HD 84937 be a binary star?
	Why is $^6$Li found, among very metal-poor stars,hfill penalty -@M only in HD 84937?

	The two other stars
	Discussion
	Conclusions

